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Abstract
We examined the velocity dependence of the vergence and version eye movements elicited by motion stimuli that were symmetric
or asymmetric at the two eyes. Movements of both eyes were recorded with the scleral search coil technique. Vergence was computed
as the diﬀerence in the positions of the two eyes (left–right) and version was computed as the average position of the two eyes
((leftþ right)/2). Subjects faced a large tangent screen onto which two identical random-dot patterns were back-projected. Each
pattern was viewed by one eye only using crossed-polarizers and its position was controlled by X=Y mirror galvanometers. Viewing
was always binocular and horizontal velocity steps (range, 5–240 deg/s) were applied to one (asymmetric stimulus) or both (sym-
metric stimulus) patterns 50 ms after a centering saccade. With the symmetric stimulus, the motion at the two eyes could be either
in the opposite direction (eliciting vergence responses) or in the same direction (eliciting version responses). The asymmetric stimuli
elicited both vergence and version. In all cases, minimum response latencies were very short (<90 ms). Velocity tuning curves (based
on the changes in vergence and version over the time period, 90–140 ms) were all sigmoidal and peaked when the monocular (i.e.,
retinal) image velocities were 30–60 deg/s. The vergence (version) responses to symmetric stimuli were linearly related to the vergence
(version) responses to asymmetric stimuli when expressed in terms of the monocular rather than the binocular image velocities. We
conclude that the dynamical limits for both vergence and version are imposed in the monocular visual pathways, before the inputs
from the two eyes are combined.
Published by Elsevier Science Ltd.
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1. Introduction
Step displacements of large random-dot patterns eli-
cit vergence eye movements when in opposite directions
at the two eyes (Busettini, FitzGibbon, & Miles, 2001)
and version eye movements when in the same direction
at the two eyes (Masson, Yang, & Miles, 2002). Both
types of eye movement have short latency (<90 ms in
humans) and, by deﬁnition, are binocular: vergence is
the diﬀerence in the positions of the two eyes and version
is the average position of the two eyes. 1 Both types of
eye movement are also assumed to result from binocu-
larly processed visual signals and are sensitive to bin-
ocular disparity, which is the slight diﬀerence in the
positions of the two retinal images that results from the
slight diﬀerence in the viewpoints of the two eyes: for
vergence, binocular disparity is an adequate stimulus
for generating the response (Busettini et al., 2001), and
for version it is a major determinant of the response
amplitude, the adequate stimulus being motion in the
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1 For gaze positions restricted to the horizontal meridian, as in the
present study, version (Vs) and vergence (Vg) provide a complete
description of eye movements from which it is possible to derive the
positions of the two eyes. Thus, if L and R are the positions of the left
and right eyes, respectively, Vs ¼ ðLþ RÞ=2 and Vg ¼ L R, whence
L ¼ Vs þ Vg=2 and R ¼ Vs  Vg=2.
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plane of ﬁxation where binocular disparity is zero
(Masson, Busettini, Yang, & Miles, 2001). However,
version can also be produced by monocular stimulation,
in which one eye sees motion while the other is covered
(Miles, Kawano, & Optican, 1986).
This paper is concerned with the dynamics of ver-
gence and version eye movements and reports on the
initial short-latency responses generated by velocity-step
stimuli applied to large random-dot patterns presented
dichoptically. Previous work on the initial disparity–
vergence responses used position steps exclusively,
whereas previous work on the initial version responses––
or ocular following, as they have generally been called
(Miles et al., 1986)––used velocity steps exclusively, at
least until very recently (Masson et al., 2002). This past
use of position and velocity steps to examine these two
control systems was in accord with the diﬀerent types of
servo mechanism thought to be involved. Thus, the
vergence responses are assumed to be generated mostly
by a position servo for which the error signal is binoc-
ular disparity (Rashbass & Westheimer, 1961; Westhei-
mer & Mitchell, 1956). 2 On the other hand, the version
responses are assumed to be generated by a velocity
servo for which the error signal is fronto-parallel motion
in the plane of ﬁxation (Masson et al., 2001). In line with
these views are the ﬁndings that the initial vergence re-
sponses to (opposite-direction) position steps––in which
the disparity stimulus is maintained for the duration of
the step––are robust and sustained (Busettini et al.,
2001), whereas the initial version responses to (same-
direction) position steps––in which the motion stimulus
is a brief pulse at the time of the step––are very weak
and transient, especially compared with those to velocity
steps (Masson et al., 2002).
The present paper used velocity steps regardless of
the type of servo mechanism thought to be involved, and
we show that these stimuli––even at relatively high
speed––are very eﬀective in driving vergence as well as
version. Our most signiﬁcant ﬁnding is that the velocity
tuning curves for the vergence and version responses to
symmetric stimuli (when both eyes see motion) and to
asymmetric stimuli (when only one eye sees motion)
have almost identical shapes provided that the motion is
deﬁned in terms of the monocular––rather than the bin-
ocular––image velocity. In fact, plots of the vergence
(version) responses to symmetric stimuli against the
vergence (version) responses to asymmetric stimuli were
linear when each was expressed in terms of the monoc-
ular image velocities but highly curved when expressed
in terms of the binocular image velocities. On the other
hand, with a few notable exceptions, plots of the version
responses to asymmetric stimuli against the vergence
responses to those same asymmetric stimuli were curved.
All of these stimuli included strong monocular motion
signals, raising the possibility that the vergence and
version eye movements were in fact the result of mon-
ocular tracking in which each eye independently tracked
the motion it saw. Eliminating the binocular matching
(by using random-dot patterns consisting of horizontal
bands of dots that were vertically separated and non-
overlapping at the two eyes) severely attenuated the
vergence responses to opposite-direction motion but had
little eﬀect on the version responses to same-direction
motion. These ﬁndings are consistent with the idea that
the vergence responses depend heavily on binocularly
matched images whereas the version responses do not.
Nonetheless, the version responses during binocular
stimulation were appreciably greater than expected from
summing together the version responses during mon-
ocular stimulation, indicating that they too involved
signiﬁcant binocular interactions.
2. Experiment 1: vergence responses to symmetric and
asymmetric velocity steps
In this experiment the two eyes saw identical random-
dot patterns in a dichoptic viewing arrangement and we
report the initial vergence eye movements elicited by
brief horizontal velocity steps applied either to both
images (in opposite directions) or to only one image.
2.1. Methods
Most of the methods have been described previously
(Busettini et al., 2001; Gellman, Carl, & Miles, 1990;
Masson et al., 2001) and, except where there are sub-
stantive diﬀerences, only an outline will be given here.
2.1.1. Subjects
The subjects were the authors (GM, FM and DY)
and all had normal or corrected-to-normal vision. Ex-
perimental protocols were approved by the Institutional
Review Committee concerned with the use of human
subjects.
2.1.2. Visual display
The subject was seated in a ﬁberglass chair, with his
head stabilized by means of a chin support and forehead
rest combined with a head strap, and faced a translucent
tangent screen (distance, 33.3 cm; width, 70; height,
50) onto which two identical photographic images were
back-projected. Orthogonal polarizing ﬁlters in the two
projection paths and matching ﬁlters in front of each eye
ensured that each pattern was visible to only one eye:
dichoptic stimulation. The screen was constructed of
material specially designed to retain the polarization
(Yamaboshi, Tokyo). The patterns ﬁlled the screen and
2 Although there is some evidence that ‘‘the rate of change as well as
the magnitude of disparity determines eye vergence responses’’
(Rashbass & Westheimer, 1961), at least when small targets are used.
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consisted of white circular dots (diameter, 2) that were
randomly distributed on a black background and oc-
cupied 50% of the space. The luminance of the images
on the screen was measured with a photometer (spectra
Pritchard), sampling the screen through the polarizing
ﬁlters so as to mimic the subjects view. With this ar-
rangement, the average luminance measured through
the matching polarizing ﬁlters was 0.13 cd/m2 in the
light areas of the patterns and 0.0026 cd/m2 in the
dark areas. The equivalent measures through the non-
matching (orthogonal) polarizing ﬁlters were 0.0011 cd/
m2 in the light areas and 0.00060 cd/m2 in the dark ar-
eas. Subjects were unaware of the ‘‘ghost’’ images seen
through the orthogonal ﬁlters. Pairs of mirror galva-
nometers (General Scanning, Inc., M3-S with vector
tuning) positioned in each of the two light paths in an
X=Y conﬁguration were used to control the horizontal
and vertical positions of the two images. These galva-
nometers were driven by the DAC outputs of a PC at a
rate of 1 kHz with a resolution of 12 bits (optical range,
50).
2.1.3. Eye movement recording
The horizontal and vertical positions of both eyes
were recorded with an electromagnetic induction tech-
nique (Robinson, 1963) using scleral search coils em-
bedded in silastin rings (Collewijn, Van Der Mark, &
Jansen, 1975). Coils were placed in each eye following
application of 1–2 drops of anesthetic (proparacaine
HC1), and wearing time ranged up to 100 min. The AC
voltages induced in the scleral search coils were pro-
cessed by phase-locked ampliﬁers that provided separate
DC voltage outputs proportional to the horizontal and
vertical positions of the two eyes with corner frequencies
(3 dB) at 1 kHz (CNC Engineering). The outputs from
the coils were calibrated at the beginning of each re-
cording session by having the subject ﬁxate small target
lights located at known eccentricities along the hori-
zontal and vertical meridians. Peak-to-peak voltage
noise levels were equivalent to an eye movement of 1–2
arcmin. Interocular distance was measured to the near-
est 0.5 mm.
2.1.4. Procedures
The presentation of stimuli, and the acquisition, dis-
play and storage of data were controlled by a PC
(Pentium II) using a real-time experimentation software
package (REX) developed by Hays, Richmond and
Optican (1982). At the beginning of each trial, the two
patterns on the screen overlapped exactly (zero dispar-
ity) for a minimum period in excess of 1 s to allow ad-
equate time for the subject to acquire a convergent state
appropriate for the near viewing (33.3 cm). Horizontal
velocity steps (one of 11 speeds ranging from 5 to 240
deg/s) were then applied to one (asymmetric stimulus) or
both (symmetric stimulus) patterns. When the motion
was applied to both patterns, the speed was always the
same but the direction could be the same (rightward,
leftward) or opposite (motion-towards, motion-away).
This section is concerned only with the vergence re-
sponses in the asymmetric cases and in the symmetric
cases when the motion seen by the two eyes was in the
opposite direction. (The version responses in the asym-
metric cases and in the symmetric cases when the motion
seen by the two eyes was in the same direction will be
described separately in Section 4.) Stimuli were initiated
50 ms after a 10 centering saccade––guided by brieﬂy
projected target spots––to assure that the associated
short-latency vergence or version responses were subject
to post-saccadic enhancement (Busettini et al., 2001;
Gellman et al., 1990). Because we were interested only in
the initial vergence and version responses, exposure to
the ramps was limited to 200 ms by blanking the images
with electromagnetic shutters in the light paths and, if
there were no saccades during this time, then the data
were stored on a hard disk; otherwise, the trial was
aborted and subsequently repeated. The blanking lasted
500 ms and marked the end of the trial; when the images
reappeared, they were once more in register for the start
of the next trial. Subjects were instructed to make sac-
cades into the center of the pattern by following the
projected target spots and then to refrain from making
any further saccades until the screen was blanked.
Subjects were given no instructions in regard to the
motion stimuli. Note that all experiments included
control trials in which no motion was applied to either
pattern (saccade-only trials). Data were collected over
several sessions until each condition had been repeated
an adequate number of times to permit good resolution
of the responses (through averaging) even when ex-
ploring the limit of the responsive range with stimuli of
marginal eﬃcacy (actual numbers of stimulus presenta-
tions will be given in the results).
2.1.5. Data analysis
Voltage signals separately encoding the horizontal
and vertical positions of both eyes and the positions of
the four mirror galvanometers were low-pass ﬁltered
(Bessel, 6-pole, 180 Hz) and digitized to a resolution of
16 bits, sampling at 1 kHz. All data were stored on a
hard disk and, after completion of each recording ses-
sion, were transferred to a workstation (Silicon Graph-
ics) for subsequent analysis. The horizontal and vertical
eye position data obtained during the calibration pro-
cedure were each ﬁtted with a third-order polynomial
which was then used to linearize the horizontal and
vertical eye position data recorded during the experi-
ment proper. The latter were then smoothed with a
cubic spline of weight 107, selected by means of a cross-
validation procedure (Eubank, 1988), and all subse-
quent analyses utilized these splined data. Rightward
eye movements were deﬁned as positive. Horizontal
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vergence position was computed from the diﬀerence in
the horizontal positions of the two eyes, left eye minus
right eye, so that increases in the vergence angle were
positive. Vergence velocity was obtained by two-point
backward diﬀerentiation of the vergence position data.
Trials with saccadic intrusions (generally <5%) were
deleted. Mean vergence temporal proﬁles (position and
velocity) were computed for each stimulus condition.
The initial vergence responses were quantiﬁed by mea-
suring the change in vergence position over the time
period 90–140 ms (measured from the onset of the ve-
locity step) on each trial and then computing the mean
of the single-trial measures for each stimulus condition.
It will be seen that the minimum latencies of onset are
about 80 ms so that this amplitude measure is restricted
to the period prior to the closure of the feedback loop,
when eye movements begin to inﬂuence the visual input:
initial open-loop response. To eliminate the (slight) ef-
fects due to post-saccadic drift, the mean vergence data
recorded during the control (saccade-only) trials were
subtracted from the mean vergence data obtained for
each stimulus condition. All of the data in the ﬁgures
have been so adjusted. Note that this subtraction would
also remove any net anticipatory drifts, although such
drifts were not actually observed.
2.2. Results
2.2.1. Temporal proﬁles
Symmetric and asymmetric disparity ramps over a
wide range of velocities generated robust vergence re-
sponses. This is evident from the sample mean vergence
velocity temporal proﬁles shown for one subject in Fig.
1, for which all stimuli were motion-towards, with the
responses when ramps were applied to both patterns
(symmetric stimuli) in A and the responses when
(rightward) ramps were applied only to the pattern
seen by the left eye (asymmetric stimuli) in B. As ex-
pected of a negative-feedback depth-tracking system,
motion-towards resulted in increased convergence (up-
ward deﬂections in Fig. 1) and motion-away resulted
in decreased convergence (not shown). Latencies were
short (<90 ms) and, as indicated by mean velocity pro-
ﬁles such as those in Fig. 1, showed only minor depen-
dence on the velocity or symmetry of the stimulus. The
initial period of vergence acceleration in Fig. 1 tends to
be more prolonged with the symmetric stimuli than with
the asymmetric stimuli and this tendency was evident in
all three subjects with both motion-towards and motion-
away stimuli.
2.2.2. Velocity tuning
Velocity tuning curves, based on the mean change in
vergence angle over the time period 90–140 ms after
ramp onset, are shown in Fig. 2 for all three subjects for
the responses to both symmetric (ﬁlled circles) and
asymmetric (open symbols) stimuli. In the upper row of
Fig. 2(A, C, E), the data are plotted with respect to the
binocular motion in depth, here termed, ‘‘disparity ve-
locity’’, which was computed from the diﬀerence in the
velocity of the moving images at the two eyes (‘‘retinal
velocity at left eye minus retinal velocity at right eye’’),
the sign convention being that rightward stimulus/eye
movements are positive, hence motion-towards and in-
creasing convergence are positive.
In the lower row of Fig. 2(B,D,F), the data are
plotted with respect to the retinal velocity of the moving
images. All of the curves in Fig. 2 are roughly sigmoidal
in shape and pass through the origin, those of subject
DY being roughly evenly balanced about zero indicating
Fig. 1. Vergence responses to symmetric and asymmetric velocity steps: temporal proﬁles (sample data, subject FM). Traces show the dependence of
mean vergence velocity on time since the onset of motion-towards velocity steps. Sign convention: increasing convergence is shown as an upward
deﬂection. Responses get progressively larger as the velocity steps increase in magnitude (continuous lines), until reaching a peak and then declining
progressively thereafter (discontinuous lines). The numbers at the ends of the traces indicate the disparity velocity, those for the discontinuous traces
being shown in parentheses. (A) Symmetric stimuli. (B) Asymmetric stimuli.
2856 G.S. Masson et al. / Vision Research 42 (2002) 2853–2867
roughly equal sensitivity to motion-towards and mo-
tion-away, whereas those of FM indicate greater sensi-
tivity to motion-towards and those of GM greater
sensitivity to motion-away. Compared with the data
obtained with symmetric stimuli, those obtained with
asymmetric stimuli always have a smaller peak-to-peak
amplitude and, when plotted with respect to disparity
velocity (A, C, E in Fig. 2), peak at lower stimulus ve-
locities. However, when plotted with respect to retinal
velocity (B, D, F in Fig. 2), the tuning curves obtained
with symmetric and asymmetric stimuli generally peak
at similar stimulus velocities (range, 30–40 deg/s)
and have very similar shapes. This latter feature is
made more apparent by plotting the data obtained with
asymmetrical stimuli against the data obtained with
symmetrical stimuli. An example is shown in Fig. 3, the
data for which were obtained with motion-away stimuli
(the asymmetric case being that in which leftward mo-
tion was seen by the left eye): when expressed with re-
spect to disparity velocity, the relationship is highly
curved (Fig. 3A; correlation coeﬃcient, r ¼ 0:78), but
when expressed with respect to retinal velocity, the re-
lationship is linear (Fig. 3B; r ¼ 0:98). That the data in
Fig. 3 are representative of the data as a whole is indi-
cated by the correlation coeﬃcients listed in Table 1 for
all subjects and all stimulus combinations: when dis-
parity velocity was used, r-values ranged from 0.34 to
0.81 (mean, 0.61; n ¼ 12), whereas when retinal velocity
was used, r-values ranged from 0.90 to 0.99 (mean, 0.96;
n ¼ 12).
2.3. Discussion of Experiment 1
The shapes of the velocity tuning curves for dispar-
ity–vergence were essentially the same for symmetric
and asymmetric stimuli when plotted in terms of the
retinal velocity. The only previous study that used large
patterned stimuli and touched on this issue is that of
Erkelens and Collewijn (1985a), who applied sinusoidal
disparity stimuli to random-dot patterns and reported
Fig. 2. Vergence responses to symmetric and asymmetric disparity stimuli: dependence on disparity velocity (A, C, E) and retinal velocity (B, D, F)
for three subjects. The response measures are based on the change in vergence position over the time period 90–140 ms after ramp onset. Filled
symbols, symmetric stimuli. Open symbols, asymmetric stimuli (squares, left eye sees motion; diamonds, right eye sees motion). Sign convention:
motion-towards stimuli and increasing convergence are positive. Lines are spline interpolations. Error bars are 1 SE (and are often smaller than the
symbols). Numbers of measures: FM (120–125), DY (90–97), GM (75–80).
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that: ‘‘gain and phase of ocular vergence during the
viewing of the stereogram were found to be similar
whether both or only one of the half-images moved.
This means that symmetric and asymmetric movements
induced equal ocular vergence movements provided that
the amount of modulation of image vergence was equal
in both situations.’’ 3 This statement implies that the
responses to symmetric and asymmetric stimuli were
similar when computed in terms of disparity. Unfortu-
nately, no supporting quantitative data are provided. It
is possible that the apparent conﬂict in our two ﬁndings
results from the diﬀerence in the stimuli and response
measures: Erkelens and Collewijn measured steady-state
(closed-loop) responses to sinusoidal stimuli––actually,
gain, based on the peak-to-peak amplitude ratio cal-
culated from the auto- and cross power spectral den-
sities––whereas we measured the initial (open-loop)
responses to ramp stimuli. It has long been known from
studies using small targets that the vergence responses to
sinusoids show smaller phase lags than are predicted by
simple linear feedback models that successfully simulate
the responses to steps (Cumming & Judge, 1986; Rash-
bass & Westheimer, 1961; Zuber & Stark, 1968). How-
ever, of particular interest for the present discussion is
evidence that disparity–vergence has at least two com-
ponents––a fast transient and a slower sustained one
(Erkelens, 1987; Jones & Kerr, 1971)––and non-linear
models have been proposed to account for such data
(Collewijn & Erkelens, 1990; Hung, Semmlow, & Ciu-
ﬀreda, 1986).
3 Note that ‘‘image vergence’’ is referred to as ‘‘disparity’’ in the
present study.
Fig. 3. Vergence responses to symmetric and asymmetric disparity stimuli (subject FM). The mean vergence responses to asymmetric stimuli are
plotted against the mean vergence responses to symmetric stimuli when the stimuli are expressed in terms of disparity velocity (A) and retinal velocity
(B). Stimuli were motion-away and, in the asymmetric case, the motion was seen by the left eye only. Response measures, error bars and sign
conventions as in Fig. 2. Continuous straight lines are linear regressions, taking into account the variance of X as well as Y (Draper & Smith, 1998),
and discontinuous lines are spline interpolations. Numbers of measures: 120–125.
Table 1
Coeﬃcients for regression of vergence responses to asymmetric velocity steps on vergence responses to symmetric velocity steps when expressed in
terms of retinal image velocity (and disparity velocity)
Motion towards Motion away
Right eye sees motion Left eye sees motion Right eye sees motion Left eye sees motion
DY Slope 0.91 (1.59) 0.87 (1.35) 1.03 (2.14) 1.12 (2.06)
Intercept 0.02 (0.11) 0.01 (0.08) 0.03 (0.19) 0.07 (0.20)
r 0.99 (0.70) 0.94 (0.77) 0.97 (0.38) 0.97 (0.48)
FM Slope 0.83 (0.47) 0.93 (0.70) 0.85 (1.65) 0.76 (1.51)
Intercept 0.02 (0.02) 0.02 (0.00) 0.00 (0.06) 0.01 (0.07)
r 0.98 (0.34) 0.90 (0.72) 0.97 (0.76) 0.98 (0.78)
GM Slope 1.09 (1.99) 0.80 (1.51) 0.89 (0.43) 0.86 (0.40)
Intercept 0.00 (0.03) 0.01 (0.03) 0.04 (0.06) 0.06 (0.03)
r 0.98 (0.81) 0.94 (0.72) 0.99 (0.50) 0.97 (0.37)
Primary data are expressed in terms of retinal image velocity and the data in parentheses are expressed in terms of disparity velocity. Regressions
took into account the variance of both X and Y (Draper & Smith, 1998).
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One interpretation of our ﬁnding is that the dynam-
ical limitations that determine the shapes of the velocity
tuning curves occur in the monocular part of the visual
pathway, prior to the convergence of the inputs from the
two eyes onto the disparity-selective binocular cells that
are thought to mediate such responses. However, the
visual stimuli in our studies contain monocular motion
cues, raising the possibility that our vergence eye
movements result (in whole or in part) from the opera-
tion of monocular visual tracking in which each eye
independently tracks the motion that it sees. This ex-
planation is thought unlikely to explain the vergence eye
movements in our previous studies, which used dispar-
ity-position steps: when vergence resulted from asym-
metric stimuli, in which the position steps were applied
to only one eyes image, the eye that did not see the steps
moved in the direction opposite to the apparent seen
motion, exactly as expected of a binocular tracking
mechanism responding to binocular disparity rather
than a monocular tracking mechanism responding to
monocular motion (Busettini et al., 2001; Busettini,
Miles, & Krauzlis, 1996). However, position steps have
very little motion energy––they generate only a transient
motion signal during the actual image shift––and so
would be expected to activate motion detectors only
poorly, as recently demonstrated for ocular following
(Masson et al., 2002). Thus, disparity-position steps
strongly favor position-sensing mechanisms and might
have failed to provide an adequate motion signal to
activate any monocular motion-tracking mechanism.
In contrast, the disparity-velocity steps used in the pre-
sent experiments contain strong monocular motion sig-
nals, hence raising the issue of monocular tracking once
again. For this reason, we carried out an additional
experiment in which the monocular motion signals were
still present but the binocular disparity signals were
much weaker or non-existent. Thus, in Experiment 2 we
restricted the random-dots to horizontal bands that
were vertically distributed so as to be non-overlapping
at the two eyes.
3. Experiment 2: vergence eye movements when the
patterns seen by the two eyes were non-overlapping
In these experiments, the random dots seen by each
eye were conﬁned to horizontal bands that extended the
full width of the display and were spaced at regular
vertical intervals. The bands of dots seen by the two eyes
could be exactly overlapping or vertically separated so
as to be non-overlapping. The vergence velocity tuning
curves with opposite-direction horizontal motion at the
two eyes were similar in form to those in Experiment 1––
albeit somewhat attenuated––when the patterns over-
lapped, but were diﬀerent in form––and substantially
attenuated––when the patterns were non-overlapping,
despite the fact that the monocular motion was the same
in the two cases.
3.1. Methods
Three subjects (FM, DY, BS) participated and each
had normal or corrected-to-normal vision. Subject BS
was unaware of the purpose of the experiment. The
equipment, procedures, data collection and data analy-
sis were the same as for Experiment 1, except for the
visual display patterns and a minor (but important)
diﬀerence in the procedure.
3.1.1. Visual display and procedures
Slide projectors with matching crossed polarizers
were used to present patterns at the two eyes that were
either binocularly matched and overlapping or binocu-
larly non-matched and non-overlapping. The pattern
seen by each eye consisted of white dots on a black
ground (dot diameters, 1.5) randomly distributed
within horizontal bands (maximum vertical extent of the
dots in each band, 3.5) extending the full width of the
screen and distributed at vertical intervals of 14, so that
the minimum vertical separation between the bottom of
the dots in one band to the top of the dots in the next
band below was 10.5. For the matched and overlapping
condition (control), the horizontal bands of dots seen by
the two eyes were identical and were exactly superim-
posed on the screen at the onset of the velocity steps.
For the non-matched and non-overlapping condition,
the horizontal bands of dots seen by one eye were ver-
tically positioned midway between the bands of dots
seen by the other eye, so that the images seen by one eye
were all vertically separated from those seen by the other
eye by at least 3.5. 4 In addition, one eyes image was
rotated 180 with respect to the other to further reduce
the likelihood of local binocular ‘‘matches’’.
A pilot experiment had indicated that, when the
random-dot patterns seen by the two eyes were non-
overlapping, subjects sometimes had diﬃculty estab-
lishing the correct binocular alignment at the start of the
trial even when a small binocular ﬁxation target was
provided. This problem was solved by projecting a non-
polarized random-dot pattern onto the screen at the
start of each trial to provide a dense binocular image in
the plane of the screen. Then, during the centering sac-
cade, electromagnetic mechanical shutters were used to
extinguish this pattern and substitute the matched/
overlapping or non-matched/non-overlapping patterns
needed to deliver the motion stimuli. The patterns seen
by the two eyes started to move horizontally in opposite
4 Short-latency horizontal vergence responses to horizontal dispar-
ity-position steps are totally eliminated by vertical misalignments (i.e.,
vertical disparities) of 3.5 or more (Yang, Fitzgibbon, & Miles,
unpublished observations).
G.S. Masson et al. / Vision Research 42 (2002) 2853–2867 2859
directions (motion-towards or motion-away at one of 11
speeds ranging from 5 to 240 deg/s) 50 ms after the end
of the centering saccade, and continued for 200 ms, at
which time the images were blanked, marking the end of
the trial. All other procedures were as in Experiment 1.
In particular, the luminance levels with the polarizers in
place were the same as in Experiment 1, and an appro-
priate neutral density ﬁlter was used to reduce the lu-
minance of the non-polarized pattern seen prior to the
centering saccade so that it matched that of the polar-
ized patterns seen after the saccade.
3.2. Results
The vergence responses to opposite motion at the two
eyes were much weaker when the patterns were non-
matching/non-overlapping. This is evident from Fig. 4,
which shows the (retinal) velocity tuning curves ob-
tained with both the matching/overlapping patterns
(open symbols) and the non-matching/non-overlapping
patterns (closed symbols) for all three subjects. Reduc-
ing the disparity matches clearly altered the shapes of
the tuning curves markedly as well as reduced their
peak-to-peak amplitudes. The responses of subject BS to
motion-towards stimuli were actually in the reverse di-
rection of the normal. That there was a marked diﬀer-
ence in the forms of the velocity tuning curves with the
two stimuli was also evident from their low correlation
coeﬃcients (mean SD, 0:49 0:27; n ¼ 6).
3.3. Discussion of Experiment 2
This experiment showed that reducing the binocular
matches while leaving the monocular motion cues intact
reduced the amplitude of many of the vergence re-
sponses substantially––even reversing them with mo-
tion-towards stimuli for subject BS. This suggests that
the vergence responses in Experiment 1 were strongly
dependent on local binocular matches and that mon-
ocular motion cues per se contributed very little. Erke-
lens and Collewijn (1985a) also reported very weak
vergence responses when counterphase sinusoidal mo-
tion was applied to large patterns that were unmatched
at the two eyes (random dots at one eye and a vertical
square-wave grating at the other), and concluded that,
‘‘retinal slip as such seems to induce only very little
ocular vergence’’. Interestingly, using an arrangement
similar to that in the present experiment––horizontal
bands of dots vertically separated at the two eyes––
Shioiri, Saisho, and Yaguchi (2000) showed that the
vertical fusional limit for disparity detection is about 15
arcmin. The vertical separation of the images seen by the
two eyes in the present experiments was more than an
order of magnitude greater than this.
4. Experiment 3: version responses to symmetric and
asymmetric velocity steps
For the experiments described in this section the two
eyes saw large identical random-dot patterns in a
dichoptic viewing arrangement and we report the ini-
tial version eye movements elicited by brief horizon-
tal velocity steps applied either to both patterns (in
the same direction) or to only one pattern. These data
were gathered at the same time as––and were inter-
leaved with––those described in Section 2 (Experi-
ment 1).
Fig. 4. Vergence responses to opposite motion of matching/overlapping (open symbols) and non-matching/non-overlapping (closed symbols) pat-
terns: dependence on retinal velocity for three subjects. Response measures, error bars and sign conventions as in Fig. 2. Numbers of measures: DY
(182–191), FM (183–198), BS (151–161).
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4.1. Methods
The subjects, equipment, procedures, and visual
stimuli were as described in Section 2. In brief, viewing
was always binocular and a dichoptic arrangement was
used to apply horizontal velocity steps (one of 11 speeds
ranging from 5 to 240 deg/s) to the large random-dot
patterns seen by one (asymmetric stimulus) or both
(symmetric stimulus) eyes. When applied to both, the
motion could be in the same (rightward, leftward) or
opposite (motion-towards, motion-away) direction. Sec-
tion 2 dealt with the vergence responses in the asym-
metric cases and in the symmetric cases when the motion
at the two eyes was in the opposite direction. Here, we
describe the version responses in the asymmetric cases
and in the symmetric cases when the motion at the two
eyes was in the same direction.
4.2. Results
4.2.1. Temporal proﬁles
The initial version responses elicited by symmetric
velocity steps were generally appreciably larger than
those elicited by asymmetric velocity steps. This is evi-
dent from the sample mean version velocity temporal
proﬁles shown for one subject in Fig. 5, for which all
motion stimuli were rightward, with the responses to
symmetric stimuli (when the same motion was applied to
both patterns) in A and the responses to asymmetric
stimuli (when motion was applied only to the pattern
seen by the left eye) in B. It is also apparent from the
proﬁles in Fig. 5 that version latencies were short (<90
ms) and showed only minor dependence on the velocity
or the symmetry of the stimulus.
4.2.2. Velocity tuning
Velocity tuning curves, based on the mean changes in
version position over the time period 90–140 ms after
ramp onset, are shown in Fig. 6 for all three subjects
for the responses to both symmetric (ﬁlled circles) and
asymmetric (open symbols) stimuli. In the upper row of
Fig. 6(A, C, E), the data are plotted with respect to the
average velocity of the moving images at the two eyes
(here termed, ‘‘cyclopean velocity’’) and, in the lower
row of Fig. 6(B, D, F), the data are plotted with respect
to the retinal velocity of the moving images, the sign
convention being that rightward stimulus motion and
eye movements are positive. The curves are similar to
those for vergence, being roughly sigmoidal in shape
and passing through the origin, those of subjects DY
and GM indicating roughly equal sensitivity to right-
ward and leftward motion, whereas those of FM in-
dicate a strong bias in favor of rightward motion.
Compared with the data obtained with symmetric
stimuli, those obtained with asymmetric stimuli always
have an appreciably smaller peak-to-peak amplitude––
much more so than with vergence––and, when plotted
with respect to cyclopean velocity, peak at lower stim-
ulus velocities. However, when plotted with respect to
retinal velocity, the tuning curves obtained with sym-
metric and asymmetric stimuli generally peak at simi-
lar stimulus velocities (range, 40–60 deg/s) and have
Fig. 5. Version responses to symmetric and asymmetric velocity steps: temporal proﬁles (sample data, subject FM). Traces show the dependence of
mean version velocity on time since the onset of rightward motion. Sign convention: rightward version is shown as an upward deﬂection. Responses
get progressively larger as the velocity steps increase in magnitude (continuous lines), until reaching a peak and then declining progressively thereafter
(discontinuous lines). The numbers at the ends of the traces indicate the cyclopean velocity, those for the discontinuous traces being shown in
parentheses. (A) Symmetric stimuli. (B) Asymmetric stimuli.
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roughly similar shapes. This latter feature is made more
apparent by plotting the data obtained with asymmet-
rical stimuli against the data obtained with symmetrical
stimuli. An example is shown in Fig. 7 (cf., Fig. 3), the
data for which were obtained with leftward stimuli (with
the motion being seen only by the right eye in the
asymmetric case): when expressed with respect to cy-
clopean velocity, the relationship is highly curved (Fig.
7A; correlation coeﬃcient, r ¼ 0:51), but when ex-
pressed with respect to retinal velocity the relationship
is linear (Fig. 7B; r ¼ 0:98). That the data in Fig. 7 are
representative of the data as a whole is indicated by the
correlation coeﬃcients listed in Table 2 for all subjects
and all stimulus conditions: when cyclopean velocity
was used, r-values ranged from 0.01 to 0.53 (mean
absolute r-value, 0.20; n ¼ 12), whereas when retinal
velocity was used, r-values ranged from 0.65 to 0.99
(mean, 0.92; n ¼ 12). The slope of the linear regression
of the asymmetric data on the symmetric data, when
expressed in terms of retinal velocity, generally provides
a good quantitative estimate of the diﬀerence in the
magnitude of the responses with the two kinds of stimuli
because the intercepts were all very close to zero. Thus,
the slopes ranged from 0.26 to 0.59 (mean, 0.37; n ¼ 12),
indicating that, on average, for ramps of any given
retinal velocity the magnitude of the version response to
the asymmetric stimulus was only 37% of that to the
symmetric stimulus.
4.3. Discussion of Experiment 3
The shapes of the velocity tuning curves for version
eye movements were essentially the same for symmetric
and asymmetric stimuli when plotted in terms of the
retinal velocity. This situation strongly resembles that
with vergence eye movements seen earlier in Section 2
and, again, is consistent with the idea that the dynamical
limitations occur in parts of the visual pathways carry-
ing monocular signals. However, this would be a trivial
ﬁnding if version eye movements were generated entirely
by a monocular tracking mechanism in which each eye
independently tracked the motion it saw. Support for
the idea that the initial version responses result from
binocularly processed visual signals comes from data
Fig. 6. Version responses to symmetric and asymmetric velocity steps: Dependence on cyclopean velocity (A, C, E) and retinal velocity (B, D, F) for
three subjects. The response measures are based on the change in version position over the time period 90–140 ms after ramp onset. Filled symbols,
symmetric stimuli. Open symbols, asymmetric stimuli (squares, left eye sees motion; diamonds, right eye sees motion). Dotted lines: sum of the two
asymmetric responses, RL þ RR. Dashed lines: the output of the model in Fig. 10, ðRL þ RRÞ þ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃðRLRRÞ
p
. Sign convention: rightward stimuli and
version are positive. Lines are spline interpolations. Error bars are 1 SE. Numbers of measures: FM (118–125), DY (90–97), GM (75–80).
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obtained with large-ﬁeld motion stimuli that were par-
titioned into two separate regions that underwent com-
peting motion (Masson et al., 2001). For these
experiments, the binocular images in one of the regions
was always in the plane of ﬁxation (‘‘test’’ stimulus) and
those in the other regions (‘‘conditioning’’ stimulus)
could occupy the same or a diﬀerent depth plane
(achieved by adjusting the horizontal binocular dispar-
ity). In these conditions, version was much more sensi-
tive to the motion of the conditioning stimulus when it
was in the plane of ﬁxation than when it was in other
depth planes. Clearly, the extent to which version is
sensitive to binocular disparity is one index of the extent
to which it must be subserved by a binocular visual
mechanism. However, the version responses elicited by
motion of a uniform stimulus pattern that occupies a
single depth plane––as in the current study––show little
sensitivity to binocular disparity (Masson et al., 2001),
i.e., version is sensitive to binocular disparity only when
generated by visual stimuli having relative motion and/
or relative disparity, neither of which was present in our
current experiment. Moreover, short-latency version can
be elicited by monocular stimulation in which one eye
sees motion while the other is covered (Miles et al.,
1986). These data clearly suggest that matching images
at the two eyes were not necessary for the version re-
sponses in Experiment 3. However, this does not mean
that the version responses were generated entirely by a
monocular tracking mechanism in which each eye in-
dependently tracked the motion that it saw. Thus, the
version responses with the asymmetric stimuli were on
average only 37% of those with the symmetric stimuli, so
that the responses to motion at both eyes (ﬁlled symbols
in Fig. 6) were appreciably greater––on average by
Table 2
Coeﬃcients for regression of version responses to asymmetric velocity steps on version responses to symmetric velocity steps when expressed in terms
of retinal image velocity (and cyclopean velocity)
Rightward motion Leftward motion
Right eye sees motion Left eye sees motion Right eye sees motion Left eye sees motion
DY Slope 0.31 (0.06) 0.33 (0.06) 0.33 (0.04) 0.35 (0.13)
Intercept 0.00 (0.04) 0.01 (0.05) 0.01 (0.04) 0.00 (0.02)
r 0.98 (0.19) 0.98 (0.20) 0.94 (0.07) 0.99 (0.28)
FM Slope 0.34 (0.04) 0.42 (0.15) 0.59 (0.61) 0.26 (0.28)
Intercept 0.00 (0.05) 0.00 (0.04) 0.00 (0.01) 0.01 (0.00)
r 0.90 (0.11) 0.98 (0.51) 0.97 (0.32) 0.65 (0.04)
GM Slope 0.45 (0.20) 0.33 (0.01) 0.32 (0.07) 0.36 (0.00)
Intercept 0.00 (0.05) 0.01 (0.06) 0.01 (0.06) 0.01 (0.07)
r 0.97 (0.53) 0.91 (0.02) 0.86 (0.13) 0.96 (0.01)
Primary data are expressed in terms of retinal image velocity and the data in parentheses are expressed in terms of cyclopean velocity. Regressions
took into account the variance of both X and Y (Draper & Smith, 1998).
Fig. 7. Version responses to symmetric and asymmetric velocity steps (subject FM). The mean version responses to asymmetric steps are plotted
against the mean version responses to symmetric steps when the stimuli are expressed in terms of cyclopean velocity (A) and retinal velocity (B).
Stimuli were leftward and, in the asymmetric case, the motion was seen by the right eye only. Response measures, error bars, linear regressions, spline
interpolations and sign conventions as in Fig. 6. Numbers of measures: 118–125.
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35%––than the sum of the responses to motion at each
eye alone (dotted lines in Fig. 6), clearly indicating the
existence of a non-linear binocular interaction.
In the next experiment we examined the eﬀect on
version of reducing the binocularly matches, as in Ex-
periment 2, by restricting the random-dots to horizontal
bands that were vertically distributed so as to be non-
overlapping at the two eyes.
5. Experiment 4: version eye movements when the patterns
seen by the two eyes were non-overlapping
In these experiments, as in Experiment 2, the random
dots seen by each eye were conﬁned to horizontal bands
that extended the full width of the display and were
spaced at regular vertical intervals. Again, the bands of
dots seen by the two eyes could be exactly overlapping or
vertically separated so as to be completely non-overlap-
ping. We report that with these stimuli the version ve-
locity tuning curves for same-direction horizontal motion
at the two eyes were similar in form to those in Experi-
ment 3, and that eliminating the binocular overlap had
only a weak attenuating eﬀect on the version responses.
5.1. Methods
The subjects, equipment, visual display, procedures,
data collection and data analysis were the same as for
Experiment 2, except that the motion was always in the
same direction at the two eyes.
5.2. Results
The version responses to same-direction motion at
the two eyes were largely independent of whether the
patterns seen by the two eyes were matching/overlap-
ping or non-matching/non-overlapping. This is evident
from Fig. 8, which shows the velocity tuning curves
obtained with both the matching/overlapping patterns
(open symbols) and the non-matching/non-overlapping
patterns (closed symbols) for all three subjects. Elimi-
nating the disparity matches reduced the peak-to-peak
amplitude 10%.
5.3. Discussion of Experiment 4
Vertical separation of the images at the two eyes had
a relatively minor eﬀect on the version responses to
same-direction motion at the two eyes. This is in stark
contrast to our ﬁndings in Experiment 2, in which the
same vertical separation was suﬃcient to seriously dis-
rupt the vergence responses to opposite-direction mo-
tion at the two eyes. The clear implication is that
binocular matches play only a minor role in the version
responses in our experiments, though we cannot com-
pletely rule out the (unlikely?) possibility that the ver-
sion mechanism utilizes binocular connections that
tolerate considerably greater vertical separation than the




The shapes of the velocity tuning curves for dispar-
ity–vergence eye movements were essentially the same
for symmetric and asymmetric stimuli when plotted in
terms of the retinal velocity (Experiment 1). In agree-
ment with Erkelens and Collewijn (1985a), we found
Fig. 8. Version responses to same-direction motion of matching/overlapping (open symbols) and non-matching/non-overlapping (closed symbols)
patterns: dependence on retinal velocity for three subjects. Response measures, error bars and sign conventions as in Fig. 6. Numbers of measures:
DY (113–120), FM (144–150), BS (114–120).
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that binocular matching was essential for the generation
of these vergence eye movements (Experiment 2), con-
sistent with the idea that the vergence responses are
mediated by disparity-selective cells in the cortex––as
suggested by many previous workers––and that the dy-
namical limitations that determine the shapes of these
curves occur in the monocular part of the visual path-
way, prior to the convergence of the inputs from the two
eyes: see the block diagram in Fig. 9. Although nothing
is known of the neural mediation of these short-latency
vergence eye movements in humans, recent experiments
on monkeys, which are known to have very similar
vergence eye movements (Busettini et al., 1996), strongly
suggest that in this species these eye movements result
from the activation of disparity-selective neurons in the
medial superior temporal (MST) area. Thus, in mon-
keys, bilateral lesions of MST result in major deﬁcits in
these eye movements (Takemura, Inoue, & Kawano,
2002) and the combined activity of the disparity-selec-
tive population of cells in MST has been shown to en-
code the magnitude, direction and time course of these
short-latency eye movements, even reproducing the
idiosyncrasies of diﬀerent animals (Takemura, Inoue,
Kawano, Quaia, & Miles, 2001).
The perception of depth is known to be much weaker
for absolute disparity than for relative disparity (Erke-
lens & Collewijn, 1985a,b; Regan, Erkelens, & Colle-
wijn, 1986; Westheimer, 1979), but absolute disparity
has been shown to be the adequate stimulus for disparity
vergence (Erkelens & Collewijn, 1985a; Regan et al.,
1986). All of the disparity cues in our experiments were
absolute except for those emanating from the vertical
edges of the screen, which are presumably weak. It
seems likely that the disparity-selective neurons in the
MST study of Takemura et al. were discharging in
relation to absolute disparity because their random-dot
stimuli subtended 90 horizontally. (It is known that the
activity of disparity-selective neurons in V1 of monkey
modulates solely in relation to absolute disparity
(Cumming & Parker, 1999), though some neurons in V2
have recently been shown to be selectively sensitive to
relative disparity (Thomas, Cumming, & Parker, 2002).)
Disparity steps applied to dense anticorrelated random-
dot patterns give rise to vergence eye movements with
short latencies similar to those in the present study––
though reversed in direction––in both humans and mon-
keys (Masson, Busettini, & Miles, 1997), despite the fact
that both humans (Cogan, Lomakin, & Rossi, 1993;
Julesz, 1960) and monkeys (Cumming & Parker, 1997)
fail to perceive depth in such stimuli. Thus, the available
data suggest that the disparity–vergence eye movements
under study here are generated largely by absolute dis-
parity, independently of depth perception.
6.2. Version
The shapes of the velocity tuning curves for version
eye movements were also essentially the same for sym-
metric and asymmetric stimuli when plotted in terms
of the retinal velocity (Experiment 3) but, in this case,
binocular matching was not essential (Experiment 4).
However, we think that the version responses were not
generated entirely by monocular tracking mechanisms,
whereby each eye independently tracked the motion that
it saw, because the version responses to motion at both
eyes were appreciably greater than the sum of the re-
sponses to motion at each eye alone. This indicates the
existence of a non-linear binocular interaction that
boosts the gain when both eyes see motion.
One way of achieving this binocular boost of version
is to multiply the inputs from the two eyes together as
indicated by the block diagram in Fig. 10. The multi-
plication-square root combination in Fig. 10 boosts the
gain by 50% when both eyes see motion, which is often
remarkably close to the boost actually observed: see the
dashed lines in Fig. 6(B, D, F) and compare with the
continuous lines linking the ﬁlled symbols. Of course,
Fig. 9. Block diagram indicating the location of the dynamical ele-
ments limiting the velocity tuning of disparity–vergence. The patterned
inputs to the two eyes must be matching and the velocity tuning is
determined by elements in the monocular pathways.
Fig. 10. Block diagram indicating the location of the dynamical ele-
ments limiting the velocity tuning of version eye movements. The
patterned inputs to the two eyes need not be matching and the velocity
tuning is determined by elements in the monocular pathways. The
multiplier-square root combination boosts the gain by 50% when both
eyes see motion.
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there are other ways to achieve this binocular boost. For
instance, the multiplication could be placed after the
summing junction in Fig. 10 (though it would have to be
combined with some gain adjustment other than the
square-root function, which would eliminate the binoc-
ular boost eﬀect of the multiplication if applied to the
output stage). Alternatively, visual inputs from one eye
could gate in additional inputs from the other eye. The
main purpose of the simple scheme in Fig. 10 is to in-
dicate that, whatever the speciﬁcs of the binocular in-
teraction, the velocity tuning must be upstream of the
binocular interaction in the monocular portion of the
visual pathway. Again, there are no data available re-
garding the neural mediation of these short-latency
version eye movements in humans, though experiments
on monkeys, which are known to have very similar
version eye movements (Miles et al., 1986), again im-
plicate MST in the generation of these eye movements:
for recent review see Takemura et al. (2002).
6.3. Vergence and version: shared dynamical elements?
That the dynamical elements dictating the shapes of
the velocity tuning curves for both vergence and version
are in the monocular visual pathways indicates that the
brain utilizes all of the dynamical information that it
receives. The question arises as to whether the elements
that impose these dynamical limits for version and ver-
gence are shared. We examined this possibility by plot-
ting the vergence responses to the asymmetric stimuli
against the version responses to those same stimuli, and
two sample plots are shown in Fig. 11. One of these
plots (Fig. 11A) is clearly linear (r ¼ 0:98) and is there-
fore consistent with the idea that the two types of eye
movement share the input elements that impose their
dynamical limitations. However, this was not a universal
ﬁnding: the plot in Fig. 11B is clearly highly curved
(r ¼ 0:49). The regression and correlation coeﬃcients
for all of the plots are listed in Table 3, from which it is
Fig. 11. Vergence vs. version responses to asymmetric velocity steps (sample data from two subjects). Stimuli were motion-towards with the left eye
seeing rightward motion. Response measures, error bars, linear regressions, spline interpolations and sign conventions as in Fig. 6. Numbers of
measures: FM (118–125), GM (75–80).
Table 3
Responses to asymmetric velocity steps: coeﬃcients for regression of vergence on version
Rightward motion Leftward motion
Right eye sees motion Left eye sees motion Right eye sees motion Left eye sees motion
DY Slope 3.43 2.77 1.80 2.03
Intercept 0.11 0.10 0.01 0.01
r 0.74 0.77 0.91 0.95
FM Slope 1.68 1.56 2.49 3.53
Intercept 0.04 0.00 0.01 0.00
r 0.79 0.98 0.87 0.87
GM Slope 1.76 0.80 1.33 2.45
Intercept 0.02 0.06 0.06 0.06
r 0.98 0.49 0.84 0.85
Regressions took into account the variance of both X and Y (Draper & Smith, 1998).
2866 G.S. Masson et al. / Vision Research 42 (2002) 2853–2867
apparent that 4/12 plots had correlation coeﬃcients
with absolute values greater than 0.90, but these values
ranged from 0.49 to 0.98 and averaged 0.84. Thus, our
present data are at best suggestive rather than conclu-
sive. The fact that the initial open-loop vergence (Mas-
son et al., 1997) and version (Masson et al., 2002)
responses both show reversal with contrast-reversing
step stimuli––indicating their common reliance on local
linear ﬁltering mechanisms––further emphasizes the
similarity of their early spatio-temporal processing. Pre-
vious studies using sinusoidal motion applied to large
random-dot patterns reported that steady-state (closed-
loop) version and vergence eye movements have rather
diﬀerent dynamics: both showed decreased gain and
increased phase lag as the forcing frequency increased
but this eﬀect was much more pronounced for vergence
(Erkelens & Collewijn, 1985a). Once again, how-
ever, diﬀerences in the stimuli and response measures
render it diﬃcult to make comparisons with our present
data.
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